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A  TEST  OF  OHM'S  LAW 
I.  INTRODUCTION 


To  quote  Professor  Maxwell,  Ohm's  law  may  be  stated 

thus : 

"The  electromotive  force  which  must  act  on  a  homo- 
geneous conductor  in  order  to  maintain  a  given  steady  cur- 
rent through  it,  is  numerically  equal  to  the  product  of  the 
resistance  of  the  conductor  into  the  strength  of  the  current 
through  it.      If,  therefore,  we  define  the  resistance  of  a 
conductor  as  the  ratio  of  the  numerical  value  of  the  electro- 
motive force  to  the  numerical  value  of  the  strength  of  the 
current,  Ohm's  law  asserts  that  this  ratio  is  constant-  that 
is,  that  its  value  does  not  depend  on  that  of  the  electro- 
motive force  or  of  the  current." 

For  nearly  a  hundred  years,  this  law  has  been  one  of 
the  cornerstones  upon  which  the  whole  const  itut ion  of  electrical 
science  has  its  foundation.      However,  as  a  law  entirely  em- 
pirical in  nature,  not  resulting  from  theoretical  deduction, 
it  has  been  constantly  subjected  to  critical  investigation 
with  reference  to  its  verity  and  degree  of  accuracy.  The 
more  frequent  and  intimate  the  use  of  this  law  in  electrical 
measurements,  calculations  and  deductions;  the  more  necessary 
becomes  its  verification. 

Unfortunately,  the  results  obtained  from  tests  by  the 
foremost  pioneers  of  electrical  science  are  quite  discordant. 
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While  Doctor  Schuster*  suspects  a  decrease  in  electric  re- 
sistance with  increasing  current,  Doctor  Weber#  claims  that 
resistance  increases  with  electromotive  force;  and  Mr. 
Chrystall,  under  the  direction  of  Professor  Maxwell"1",  veri- 
fied that  the  resistance  of  a  conductor  of  unit  cross  section 

-12 

was  not  deviated  by  so  much  as  10       in  1,  for  each  unit  change 
in  current  strength,  which  was  within  his  experimental  error. 
Still  many  other  investigators  similarly  gave  the  same  dis- 
similar results.        Therefore,  unless  evidences  more  rigid  and 
more  conclusive  from  further  investigation  have  been  contributed 
to  the  supporting  of  Ohm's  law,  its  verity  will  be  as  ever  a 
subject  of  controversy  in  the  field  of  electricity. 

Seeing  only  its  importance,  the  author,  in  undertaking 
this  problem,  has  kept  out  of  consideration  three  things:  the 
almost  unsurmo lint able  difficulties  attached  to  the  problem, 
his  incompetency  for  such  an  elaborate  task,  and  his  limited 
time  available  for  experimenting.        This  he  mentions  as  an  ex- 
cuse for  any  inadequacy  and  incompleteness  of  this  thesis. 


♦Report  of  British  Association,  1874. 
#Pogg.  Ann.  Chem.  &Phys.,  1875. 
+Report  of  British  Association,  1876. 
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II.  THEORY 

Theoretically,  which  is  self-evident,  the  mo3t  direct 
methods  for  testing  Ohm's  law  are  but  the  following: 

1.  By  directly  measuring  the  absolute  resistance 

of  a  given  conductor  at  different  current  densities.      Ey  Ohm's 
law,  the  resistance  would  have  the  same  numerical  value,  how- 
ever the  current  may  vary  in  strength. 

3.  By  measuring  the  electro-motive  force  im- 

pressed upon  a  conductor,  simultaneously  with  the  current  which 
this  electro-motive  force  is  able  to  maintain  through  the  con- 
ductor.     By  Ohm's  law,  the  ratio  between  these  two  quantities 
would  be  constant,  of  whatever  strength  the  current  may  be. 

These  measurements,  however,  if  they  could  be  carried 
out  at  all  necessitate  the  employment  of  a  number  of  instru- 
mentalities that  are  bound  to  be  complex;  which  is  very  unde- 
sirable in  such  an  investigation.      For  the  deviation,  if  any, 
from  Ohm's  law,  for  which  we  are  testing,  may  be  such  that  falls 
beyond  the  limits  of  the  sensibility  and  exactness  of  the  in- 
struments used,  those  that  are  constructed  on  the  very  principle 
which  is  the  question  in  hand,  being  of  course  excluded  from 
these  experiments.      Not  only  this.        The  achievement  of 
measuring  the  absolute  resistance  of  a  conductor  at  one  and  the 
same  physical  state  for  different  current  densities  is  almost 
an  impracticability;  and  it  is  also  impossible  to  measure  the 
electromotive  force  at  the  same  instant  with  its  corresponding 


current . 

Therefore,  unless  the  above  mentioned  objections  can 
be  removed,  we  must  resort  to  some  other  means  in  order  that 
the  results  to  be  obtained  may  be  of  any  value.      The  arrange- 
ments used  in  this  experiment  are  mostly  due  to  Professor 
Tolman,  under  whose  direction  this  problem  has  been  worked, 
the  author,  however,  is  wholly  responsible  for  whatever  may 
be  inadequate . 

Suppose  two  conductors  of  the  same  material  but  of 
different  dimensions  arranged  in  series  and  the  same  current 
passed  through  both.      The  current  density  in  one  conductor 
is  thus  made  higher  than  in  the  other  although  the  absolute 
magnitude  of  the  current  is  the  same  through  both.  There- 
fore, if  the  resistance  of  a  body  depends  on  its  current  den- 
sity, the  ratio  of  the  two  resistances  will  depend  on  the 
strength  of  the  current  that  passes*.      However,  if  Ohm's  law 
is  true,  this  ratio  will  be  constant  with  respect  to  current. 

ftow  the  ratio  of  two  resistances  may  be  measured  with 
great  accuracy  by  means  of  Whee,tstone '  s  bridge. 

The  chief  difficulty,  which  is  the  common  foe  to  all 
methods  and  can  hardly  be  overcome  entirely,  is  the  heating 
effect  of  the  current;  the  conductor  of  smaller  cross  section 
is  heated  by  the  heat  the  current  generates,  to  a  much  higher 
temperature  than  the  other.        In  the  case  of  metallic  wire, 
its  temperature,  for  a  given  current,  is  approximately  pro- 

♦Prof.  Maxwell's  Scientific  Papers  on  Ohm's  Law. 


portional  to  the  fourth  power  of  its  diameter,  provided  that 
the  current  is  not  too  small,  in  which  case  the  heat  in  the 
fine  wire  is  carried  away  as  fast  as  it  is  generated. 

The  method  for  obviating  this  difficulty  will  be 
given  later  in  conjunction  with  the  description  of  the 
a^^aratus. 
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III.  EXPERIMENT 

Although  a  number  of  experiments  were  tried  with  dif- 
ferent arrangements,  only  the  following,  however,  which  is  by 
far  the  best,  need  be  described  here. 

Two  pieces  of  copper  wire,  the  fine  one,  gauge  No.  38, 
about  3  cm.  in  length,  and  the  thicker  one,  gauge  No.  10,  about 
two  meters  in  length,  were  joined  together  by  means  of  a  special 
ly  made  copper  binding  post.      These  were    so  connected  with  a 
Wheat stone  bridge  that  one  branch  of  the  current  should  pass 
through  the  two  wires  in  series,  and  the  other  branch  through 
the  bridge  wire;  and  that  adjustment  could  be  made  so  that  the 
resistances  of  the  two  wires  could  be  made  approximately  equal. 
The  bridge  wire  was  10  meters  long  and  had  a  resistance  of  a 
little  over  13  ohms  which  was  about  a  thousand  times  as  large 
as  the  combined  resistance  of  the  two  wires.      The  bridge  was 
formed  by  connecting  the  electrodes  of  a  galvanometer,  one  to 
the  junction  of  the  fine  wire  and  the  thick  one,  and  the  other 
to  the  slider  on  the  Wheatstone  bridge. 

To  eliminate  as  far  as  possible  the  heating  effect  of 
the  current,  the  fine  wire  was  blown  with  a  very  strong  blast 
of  air  under  pressure,  and  the  current  was  limited  to  below  1.5 
amperes  which,  it  was  estimated,  would  not  heat  up  the  fine  wire 
more  than  0.7°  C.  and  the  thick  wire  more  than  0.0003°  C.  per 
second  with  its  greatest  effect-  that  is,  with  no  heat  lost  by 
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radiation,  conduction  or  convection. 

The  apparatus  was  adjusted  so  that  the  two  wires  were 
made  as  nearly  equal  in  resistance  as  possible.      The  current 
was  passed  intermittently  so  that  its  heating  effect  was  made 
less  accumulative  than  when  passed  continuously.      The  balance 
point  was  always  taken  as  a  point  such  that  on  suddenly  closing 
the  entire  circuit,  after  breaking  it  momentarily,  no  deflec- 
tion in  the  galvanometer  would  take  place  in  the  course  of  a 
minute  or  two.        It  should  be  remarked  here  that  when  the 
slider  was  moved  either  to  the  lsft  or  to  the  right  of  this 
balance  point  even  only  a  half  of  the  smallest  division,  which 
is  1  mm.,  of  the  scale  of  the  bridge,  a  deflection  was  always 
obtained  of  the  galvanometer;  and  that  the  same  reading  could 
invariably  be  reproduced  after  the  slider  was  purposely  dis- 
turbed from  the  balance  point  already  established.       A  new 
balance  point  was  taken  in  the  same  manner  for  the  same  cur- 
rent reversed,  with  a  view  to  obtaining  the  mean  value  of  the 
two  balance  points  so  that  the  small  thermo-electric  effect 
might  be  eliminated. 


IV.  RESULTS 

Several  sets  of  readings  were  taken,  all  gave  similar 
results.      In  each  set  bridge  readings  were  taken  first  with 
an  increasing  current  and  then  with  a  decreasing  current. 
When  the  blast  was  not  blowing,  the  fine  wire,  as  should  be 
expected,  always  showed  a  faster  increase  in  resistance  than 
the  thick  wire,  with  the  current  either  decreasing  or  increas- 
ing.     When  with  the  blast  on,  however,  a  peculiar  phenomenon 
was  observed:       With  the  current  decreasing,  the  fine  wire, 
within  certain  limits  of  current  strength,  increased  in  re- 
sistance, but  at  a  less  rapid  rate  than  the  thick  wire;  with 
the  current  increasing,  however,  no  change  in  resistance-  or, 
if  any,  the  same  or  practically  the  same  rate  of  change-  was 
noticed  in  both  wires. 

The  following  table  gives  one  set  of  the  readings, 
which,  it  is  believed,  was  the  most  carefully  and  most  ac- 
curately taken. 


BLAST  BLOWING  CONTINUOUSLY 
CURRENT  DECREASING  CURRENT  INCREASING 


CURRENT 

BRIDGE 

READING 

CORRESPONDING  TO 

THE  FINE 

WIRE 

AMPERE 

B.R.I+ 

B.R.I. 

MEAN 

B.R.I+< 

B.R.I. 

MEAN 

1.5 

498.6- 

498.6 

498.60 

500.1" 

499.6 

499.85 

1.4 

498.7 

498.6 

498.65 

500.1 

499.5 

499.80 

1.3 

498.8 

496.7 

498.75 

500.0 

499.4 

499.70 

1.3 

498.9 

498.7 

498.80 

500.0 

499.4 

499.70 

1.1 

499. C 

498.8 

498.90 

500.  C 

499.3 

499.65 

1.0 

499.1 

498.9 

499.00 

500.0 

499.3 

499.65 

O.S 

499.1 

499.0 

499.05 

500.0 

499.3 

499.65 

0.8 

499.3 

499.0 

499.15 

500.0 

499.2 

499.60 

0.7 

499.3 

499.1 

499.20 

500.0 

499.2 

499.60 

0.6 

499.2 

499.1 

499 . 15 

500.0 

499.2 

499.60 

0.5 

499.2 

498.9 

499.05 

500.2 

499.0 

499.60 

0.4 

499.2 

498.9 

499.05 

500.3 

498.9 

499.60 

0.3 

499.2 

498.8 

499.00 

500.4 

498.8 

499.60 

0.2 

499.2 

498.8 

499.00 

500.6 

498.6 

499.60 

0.1 

500.0 

497.8 

498.90 

501.2 

498.  C 

499.60 
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VI.  CONCLUSION 

The  results,  as  they  are,  are  not  conclusive;  for  those 
obtained  with  an  increasing  current  and  those  obtained  with  a 
decreasing  current  are  not  conformatory;  but  they  do  show,  how- 
ever, at  the  worst  that  the  resistance  of  the  fine  wire  was  not 

decreased  by  0.10  $  when  its  current  density  was  doubled  from 
amperes 

90  to  lSO^per  sq.  mm.  approximately, assuming  that  the  resistance 
of  the  thick  wire  did  not  change. 

As  time  is  "up"  the  author  is  compelled  to  leave  this 
problem  to  scientific  minds  for  complete  solution. 

The  following  discussion,  however,  may  throw  some  light 
on  the  path  in  further  investigation. 

It  can  be  shown  that  Ohm's  law  may  be  of  such  a  nature, 
which  is  unlikely  improbable,  that  its  deviation,  no  matter  how 
great,  can  not  be  detected  by  all  such  methods  that  are  based  on 
the  testing  of  the  constancy  of  the  ratio  of  two  resistances; 
but  can  only  be  laid  bare  by  resorting  to  the  two  direct  methods 
above  described-  that  is,  the  direct  measurement  of  the  absolute 
resistance,  and  the  simultaneous  measurement  of  the  electromotive 
force  and  its  corresponding  current,  of  a  conductor.      Hence,  in 
that  case,  this  experiment,  as  well  as  Professor  Maxwell's,  would 
entirely  fail  to  discover  the  deviation  that  might  be  very  great. 

For  further  discussion,  we  shall  denote: 

r  =  the  resistance  of  a  conductor  of  unit  len^h  and 
unit  cross  section, 

R  @  the  resistance  of  a  conductor  of  the  same  material 
but  of  length  L  and  cross  section  A. 
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i  =  current  density 
C  =  Total  current 

j(  ),  i  (  )  or  8  (  )  =  "A  function  of" 

If  Ohm's  law  is  not  true,  we  have,  say, 
r  -  r0  (i), 
where  r0  is  the  resistance  when  =  1. 

Since 

R  =  —  r, 
A 


Here  there  are  two  possibilities: 

1,  That  can  not  be  factored  into  ^  (A) 
free  from  C,  and  9  (C)  free  from  A. 

2.  That  can  be  factored  into  <j)  (A)  •  ©  (C). 
This  experiment,  and,  evidently,  so  did  that  of  Professor 

Maxwell*  assumed  only  the  first  possibility  and  ignored  entirely 
the  second. 

Now  let  us  assume  the  second  possibility  that 

/(f)  =  ♦  (A)  .  *  (C) 

Then  T  . 

R=jr0|(A)  ,9(C). 

When  two  conductors  are  connected  in  series,  as  in  this  and 

Professor  Maxwell's, 

Hyhence  Rl  =  Ll  .  A2     ,  ^  (Ai)      *Prof.  Maxwell's  Scientific 

r~  ; —     t~"  7r~ 71 — r  *    Papers  on  Ohm's  Law. 
R3      L2      Ai        $  (A3)  * 
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Thus  it  is  seen  that  in  such  a  case  the  ratio  of  the 
two  resistances  in  series  depends  only  on  the  dimensions  of  the 
two  conductors  and  not  at  all  upon  the  current,  although  the 
absolute  resistance  of  either  conductor,  as  it  was  assumed, 
changes  as  the  current  varies. 

Though  the  types  of  functions  of  the  form         ,  that 
can  be  factored  in  to  §  (A)  •  0  (C) ,  are  only  limited,  yet 
there  is  no  evidence  or  reason  that  Ohm's  law  can  not  be  devi- 
ated by  such  a  peculiar  function  that  accident ly  falls  in  this 
very  class.      So  it  is  the  author's  belief  that  no  proof  or  dis- 
proof as  to  the  verity  of  Ohm's  law  can  be  considered  conclu- 
sive provided  that  it  is  obtained  by  means  of  the  two  direct 
absolute  methods  given  above. 


